Abstract. A mathematical analysis of the stratospheric photochemical system (gas phase reactions only) shows the existence of potential catastrophe mechanisms which could produce a dramatic reduction in the ozone concentration near 25 km altitude. The conditions leading to such catastrophe correspond to a relatively modest (i.e., factor 2-2.5) increase in the stratospheric source of reactive nitrogen (NOx). For a tenfold increase in the source of reactive chlorine (C1Ox), the ozone system exhibits a large amplitude oscillatory behavior with a period of several tens of years. Transport processes could, however, damp these dramatic changes resulting from the nonlinear nature of the stratospheric chemical system.
Introduction

The Model
To address this question, we consider a zero-dimensional diurnally varying box model with a simplified chemical scheme ( Table la N 2, 02, H20) , the scheme includes 18 species belonging to the oxygen, hydrogen, nitrogen, chlorine, and carbon families, and 43 chemical and photochemical (gas phase) reactions. The effects of bromine (which are small above 20 km altitude) are neglected. We solve the chemical equations at 40øN on March 15 for conditions representative of 25 km (i.e., in the vicinity of the maximum ozone density), and 40 km altitude. At 40 km, ozone is in photochemical equilibrium, while at 25 km its concentration is affected by photochemistry and transport. By limiting the present calculation to 2 specific points of the atmosphere, the purpose of the study is not to produce a realistic simulation of stratospheric chemistry, but to highlight the existence of complex mechanisms that could potentially lead to catastrophic transitions in the ozone concentration. In the present study, we examine the behavior of the photochemical system and deliberately ignore the influence of atmospheric dynamics. The solution of the numerically "stiff' nonlinear first-order differential equations is obtained using the Gear algorithm [Gear, 1969] with the computer codes provided by Hindemarsh [Hindmarsh, 1992] . 
Conclusions
In conclusion, the nonlinear nature of the chemical system in the stratosphere can potentially generate catastrophic changes in the chemical composition of the atmosphere (specifically in the concentration of ozone) for specific threshold values of the stratospheric sources of reactive nitrogen and chlorine. When analyzing the solutions provided at 25 km altitude by a box model that accounts for the most important gas-phase chemical processes in the stratosphere at mid-latitudes, a transition from current to much lower (factor of 100) ozone abundance is predicted for only a doubling of the reactive nitrogen source (assuming that the chlorine source remains at its present level). A catastrophic transition also occurs for a 10-fold increase in the stratospheric chlorine source. At 40 km altitude, the photochemical system appears to be simpler and the amplitude of the catastrophic transition smaller. One should note that such dramatic changes are obtained without considering any (nonlinear) heterogeneous chemical mechanisms, which are involved in polar ozone depletion below 25 km (e.g., the Antarctic ozone hole). Finally, it should be emphasized that the quantitative behavior of the chemical system depends directly on the adopted chemical scheme and the location (altitude, latitude) for which the calculation is performed. The present model study only illustrates the possible behavior of the "ozone system" at 2 given points in the stratosphere. In addition, the role of transport processes which is significant in the lower stratosphere and the existence of strong coupling between chemistry, radiation and dynamics should be taken into account and could modify substantially the quantitative and even the qualitative responses obtained when considering only a pure photochemical system. Bifurcations and limit cycles may still be found, but for different parameter values than those found in the present study. For example, for local NOx sources (such as NOx emissions by high altitude aircraft), transport should become a dominant factor. Current models addressing the specific issue of aircraft pollution do not predict catastrophic ozone changes. Finally, if rather than integrating the model for different fixed values of the control parameters, a time-dependent, increasing NO• source had been applied, the very slow response in methane would quite possibly have wiped out the bifurcation and allowed ozone to adjust more slowly from high to lower concentration values.
